- December 17, 1999
MEMORANDUM TO: William D. Travers _
Executive Director for Operations

FROM: Samuel J. Collins, Director '
- Office of Nuclear Reactor Regulation rz/for

SUBJECT: CLOSEOUT OF GENERIC SAFETY léSUE B-55, "IMPROVED
RELIABILITY OF TARGET ROCK SAFETY RELIEF VALVES"

The purpose of this memorandum is to document the resolution of Generic Safety Issue (GSI)
B-55, entitled "Improved Reliability of Target Rock Safety Relief Valves.” Target Rock safety
relief valves (SRVs) are currently installed in 22 boiling water reactors (BWRs), and there have
been several occurrences of improper operation both in spuriously opening and blowing down
the reactor coolant and in opening at pressures significantly above the technical specification
requirements. There are two different designs of Target Rock SRVs. The earlier design is the
three-stage SRV which had a history of spuriously opening and failing to reseat during several
events in the 1970s. The later design is the two-stage SRV which is a modification of the three-
stage SRV and was designed to eliminate the spurious opening and blowing down problem.

- GSI B-55 was prioritized in 1983 as a "medium" priority issue, based on the concemns with the
three-stage SRVs. Beginning in 1978, two-stage SRVs were installed in several BWRs, and
during operation and surveillance testing, had problems with opening at pressures exceeding
technical specification limits. As a result, the staff also included the two-stage upward setpoint
drift problem in GSI B-55 for resolution.

As a result of the actions which have been taken by the BWR Owners Group and the individual
licensees involved to improve the performance of Target Rock SRV, the staff is recommending
that GSI B-55 be closed. The basis for the staff recommendation is detailed in the attached
closeout report (Attachment 1). In summary, the staff finds that the Owners Group and the
licensees have significantly improved the performance of the three-stage and two-stage Target
Rock SRVs and are continuing to evaluate and improve the performance of the SRVs, as
necessary, with sufficient resources. Therefore, the staff is proposing no new requirements as a
result of this issue. If in the future, the staff finds that actions need to be taken to improve the
performance of these SRV, the existing Quality Assurance, Maintenance Rule, and Codes and
Standards regulations (i.e., 10 CFR 50 Appendix B, 10 CFR 50.65, and 10 CFR 50.55a) provide
the staff with regulatory mechanisms for pursuing additional improvements, if needed, on a
plant-specific basis.

The ACRS reviewed the proposed resolution of GSI B-55 and agreed with the staff that it is
acceptable to close this issue. The ACRS reported their findings in a letter dated October 8,

- 1998 (Attachment 2), and the staff responded to the ACRS in a letter dated November 8, 1999
(Attachment 3). As recommended by the ACRS, the staff has included in the closeout report a
statistical analysis of the Target Rock two-stage SRV setpoint performance data.
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MEMORANDUM TO:

FROM:

SUBJECT:

William D. Travers
Executive Director for Operations

Samuel J. Collins, Director
Office of Nuclear Reactor Regulation

CLOSEOUT OF GENERIC SAFETY ISSUE B-55, "IMPROVED
RELIABILITY OF TARGET ROCK SAFETY RELIEF VALVES"

The purpose of this memorandum is to document the resolution of Generic Safety Issue (GSI)
B-55, entitled "Improved Reliability of Target Rock Safety Relief Valves." Target Rock safety
relief valves (SRVs) are installed in several boiling water reactors (BWRs), and theré have been
several occurrences of improper operation both in spuriously opening and blowing down the
reactor coolant and in opening at pressures significantly above the technical spécification

. requirements. There are two different designs of Target Rock SRVs. The e

ier design is the

three-stage SRV which had a history of spuriously opening and failing to restat during several
events in the 1970s. The later design is the two-stage SRV which is a modification of the three-
. stage SRV and was designed to eliminate the spurious opening and blo ing down problem.

GSI B-55 was prioritized in 1983 as a "medium" priority issue, based
three-stage SRVs. Beginning in 1978, two-stage SRVs were install
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during operation and surveillance testing, had problems with openi g at pressures exceeding
technical specification limits. As a result, the staff also included the two-stage upward setpoint
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closeout report. In summary, the staff finds that the
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significantly improved the performance of the three-stdge and two-stage Target Rock SRVs and
are continuing to evaluate and improve the performafice of the SRVs, as necessary, with
sufficient resources. Therefore, the staff is proposifig no new requirements as a result of this
~issue. If in the future, the staff finds that actions yffeed to be taken to improve the performance of
these SRV, the existing Quality Assurance, Maintenance Rule, and Codes and Standards
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The ACRS reviewed the proposed resojdtion of GSI B-55 and agreed with the staff that it is
acceptable to close this issue. The AQRS reported their findings in a letter dated October 8,
1999, which is also attached. As recsmmended by the ACRS, the staff has included in the
closeout report a statistical analysis/of the Target Rock two-stage SRV setpoint performance

data.
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MEMORANDUM TO: William D. Travers
Executive Director for Operations

FROM: - Samuel J. Collins, Director
Office of Nuclear Reactor Regulation

SUBJECT: CLOSEOUT OF GENERIC SAFETY ISSUE B-55, "IMPROVED
RELIABILITY OF TARGET ROCK SAFETY RELIEF VALVES"

The purpose of this memorandum is to document the resolution of Generic Safety Issug (GSI)
B-55, entitled "Improved Reliability of Target Rock Safety Relief Valves.” Target RogK safety
relief valves (SRVs) are installed in several boiling water reactors (BWRs), and theré have been
several occurrences of improper operation both in spuriously opening and blowing down the
reactor coolant and in opening at pressures significantly above the technical spécification
requirements. There are two different designs of Target Rock SRVs. The earlier design is the
three-stage SRV which had a history of spuriously opening and failing to reséat during several
events in the 1970s. The later design is the two-stage SRV which is a modification of the three-
stage SRV and was designed to eliminate the spurious opening and bloWing down problem.
GSI B-55 was prioritized in 1983 as a "medium"” priority issue, based ofi the concemns with the
three-stage SRVs. Beginning in 1978, two-stage SRVs were installed in several BWRs, and
during operation and surveillance testing, had problems with openjig at pressures exceeding
technical specification limits. As a result, the staff also included $he two-stage upward setpoint
drift problem in GSI B-55 for resolution.

As a result of the actions which have been taken by the B Owners Group and the individual
licensees involved to improve the performance of Target Rock SRV, the staff is recommending
that GSI B-55 be closed. The basis for the staff recomméndation is detailed in the attached
closeout report. In summary, the staff finds that the Oyiners Group and the licensees have
significantly improved the performance of the three-sfage and two-stage Target Rock SRVs and
are continuing to evaluate and improve the performénce of the SRVs, as necessary, with

- sufficient resources. Therefore, the staff is propoging no new requirements as a result of this
issue. If in the future, the staff finds that actiong/need to be taken to improve the performance of
these SRV, the existing Quality Assurance, Maintenance Rule, and Codes and Standards
regulations (i.e., 10 CFR 50 Appendix B, 10 £FR 50.65, and 10 CFR 50.55a) provide the staff
with regulatory mechanisms for pursuing aglditional improvements, if needed, on a plant-specific
basis.

The ACRS reviewed the proposed resogfution of GS! B-55 and agreed with the staff that it is
acceptable to close this issue. The ACRS reported their findings in a letter dated October 8,
1999, which is also attached. As recommended by the ACRS, the staff has included in the
closeout report a statistical analysis of the Target Rock two-stage SRV setpoint performance
data.
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MEMORANDUM TO: William D. Travers
Executive Director for Operations

FROM: Samuel J. Collins, Director
Office of Nuclear Reactor Regulation

SUBJECT: - CLOSEOUT OF GENERIC SAFETY ISSUE B-55, "IMPROVED
RELIABILITY OF TARGET ROCK SAFETY RELIEF VALVES"

- The purpose of this memorandum is to document the resolution of Generic Safety Issue (GSI)
.. B-55, entitled "Improved Reliability of Target Rock Safety Relief Valves." Target Rock safety
" - telief valves (SRVs) are instalied in several boiling water reactors (BWRs), and the '
several occurrences of improper operation both in spuriously opening and blowing down the
. .reactor coolant and in 6pening at pressures significantly above the technical spe
- requirements. There are two different designs of Target Rock SRVs. The earligf design is the
three-stage SRV which had a history of spuriously opening and failing to resegt during several
events in the 1970s.. The later design is the fwo-stage SRV which is a modification of the three-
. stage SRV and was designed to eliminate the spurious opening and blowin§ down problem.
- GSI'B-55 was prioritized in 1983 as a "medium" priority issue, based on e concerns with the
' thrée-stage SRVs. Beginning in 1878, two-stage SRVs were installed j{ several BWRs, and
- during operation and surveillance testing, had problenis with opening 4t pressures exceeding
technical specification limits. As a resutt, the staff also included the fwo-stage upward setpoint
- drift problem in GSI B-55 for resolution.

.As a result of the actions which have been taken by the BWR @wners Group and the individual
licehsees involved to improve the performance of Target Roc SRV, the staff is recommending
that GSI B-55 be closed. The basis for the staff recommenglation is detailed in the attached
- closeout report. In'summary, the staff finds that the Ownefs Group arid the licensees have
 significantly improved the performance of the three-stagg’and two-stage Target Rock SRVs and
&re continuing to evaluate and improve the performance of the SRVs, as necessary, with
~ sufficient resources. Therefore, the staff Is proposingfio new requirements as a resutt of this

issue. Ifin the future, the staff finds that actions negd to be taken to improve the performance of
these SRVs, the existing Quality Assurance, Maintgnance Rule; and Codes and Standards

. regulations (i.e., 10 CFR 50 Appendix B, 10 CFR £0.65, and 10 CFR 50.55a) provide the staff
with regulatory mechanisms for pursuing additioffal improvements, if needed, on a plant-specific

basis. :

The ACRS reviewed the proposed resolutior/of GS! B-55 and agreed with the staff that it is
acceptable to close this issue. The ACRS feported their findings in a letter dated October 8,
- 1999, which is also attached. As recommgnded by the ACRS, the staff has included in the
closeout report a statistical analysis of thé Target Rock two-stage SRV setpoint performance
data. :
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CLOSEOUT OF GENERIC SAFETY ISSUE B-55 - IMPROVED RELIABILITY OF TARGET
'ROCK SAFETY RELIEF VALVES ) :

1. INTRODUCTION

The pressure relief system of boiling water reactors (BWRs) is designed to prevent
~ overpressurization of the reactor coolant pressure boundary (RCPB) under the most severe
~ abnormal operational transiént (closure of the main steam line isolation valves (MSIVs) with
failure of the MSIV position switches to scram the reactor). This design function is accomplished
- through the use of a plant-unique combination of safety valves (SVs), power-actuated relief
- valves (PARVs), and dual-function saféty/relief valves (SRVs) which have both a mechanical
self-actuating setpoint funiction and a power-actuated function.

~ In addition to the RCPB overpressure protection design functions of the BWR pressure relief
systern, a specified number of the PARVs or SRVs utilized in the pressure relief system of each
'BWR facility are used in the automatic depressurization system (ADS), which is one of
- the emergency-core cooling systems. In the event of certain postulated small-break
-~ foss-of-coolant accidents, the ADS is designed to reduce reactor coolant system pressure to
* permit the low pressure emergency core spray and/or low pressure coolant injection systems to
function. The ADS performs this design function by automatically actuating certain pre-sefected

PARVs or SRVs following fecelipt of specific Signals from the reactor protection system.

_Certain safety concerns result when: (1) a valve fails to open properly on demand, (2) a valve
opens spuriously and then fails to propety reseat, and (3) a valve opens properly but fails to
properly reseat. The failure of a pressure relief system valve to open on demand results in a
decrease in the total available pressure-relievirig capacity of the system to relieve overpressure.

. Spurious openings of pressure relief system valves, or failures of valves to properly reseat after

_opening, can restilt in inadvertent reactor coolant system blowdown with unnecessary thermal
transients on the reactor vessel and the vessel internals and unnecessary hydrodynamic loading

- of the containment pressure-suppression chamber and ité internal components. These types of

o failures could result in increased risk of reléase of radioactivity to the environs. There have
“been many occurrénces wherein the fhechanical setpoint function of Target Rock SRVs did not

adequately perform to open and/or reclose as required. Failure of the mechanical self-actuating
~ setpoint function could potentially result in any of these three concemns, but does not affect the
- ¢apability of the ADS to perform its emergéncy core cooling function, since the function of the

~ ADS is controlled only by the power-actuated function of the SRVs.

Technical Specifications for BWR plants require that the SRV setpoints meet a specific
folerance applied to the nominal setpoint values. All BWRs initially had Technical Specifications
with ‘@ +/-1% tolerance for the SRV setpoints, but some plants have applied for, and the staff has
approved, a +/-3% tolerance, with justification based on plant-specific analyses.

This report documents the staff findings relative to Generic Safety Issue (GSI) B-55. As
discussed below, the staff has evaluated the activities by the industry to improve the reliability of

- Target Rock SRVs, and has determined that no new requirements are necessary. The staff

- evaluation is based on the improvements which have been made to these components and
future improvements, as necessary, in order to comply with existing regulations.

Attachment 1



2. BACKGROUND

_There have been a significant number of failures .of Target Rock three-stage and two-stage

~_ SRVsto open or close on defmand in BWR operating experience. Figures 1 and 2 show the two

styles of Target Rock SRVs currently in use in BWRs. Figure 1 is representative of a Target

et

C T S o e
Figure 1 ‘ Figure 2 |
Target Rock Three-Stage SRV Target Rock Two-Stage SRV

. Rock three-stage pilot-operated SRV, and Figure 2 is representative of a Target Rock two-stage
- .pilot-operated SRV. Table 1 lists the BWRs which have three-stage Target Rock SRVs
installed, and Table 2 lists the BWRs which have two-stage Target Rock SRVs installed.

Table 1 - Plants With Three-Stage SRVs

N

Number of
Piant Reactor Containment SRVs 8Vs PARVs
Dresden 2 and 3 BWR/3 Mark | 1 8 4
Duane Amold BWR/4 Mark!l 6 2 -
Limerick1and2* BWR/4 Mark Il 14 - -

2



Monticello ) BWR/3 Mark | 7

Peach Bottom 2 and 3 BWR/4 Mark } 11 2 -
Quad Cities 1and2 - BWR/3 Mark | 1 8
Vermont Yankee BWR/4 Mark | 4 2 -

* Note - Since initial startup, both Limerick 1 and 2 have operated with two-stage SRVs, but are
instalhng three-stage SRVs during recent and upcommg outages.

ble 2 - Plants With Two-Stage SRVs

o ’ Number of

Plant Reactor ‘Containment SRVs SVs PARVs
Browns Ferry 2 and 3 BWR/4 - Mark | 13 - -
Brunswick 1 and 2 BWR/4 Mark | 1 - -
Cooper BWR/4 Mark | 8 3 -

- Fermi 2 BWR/4 Mark | 15 - -
FitzPatrick BWR/4 ~ Markl 1 - -
Hatch 1 and 2 BWR/4 Mark | 11 - -
Hope Creek BWR/4 Mark | 14 - -
Pilgrim BWR/3 Mark | 4 2 -

The Target Rock three-stage valve predates the two-stage modification, and in the 1970s,
.experienced numerous faifures which involved opening spuriously and/or failing to properly
reseat. In NUREG-0462 *Technical Repart on Operating Experience With BWR Pressure Relief
_Systems”, dated July ]978 it was reported that there had been 48 inadvertent blowdown events
~ which resulted from & spurious opening and/or a failure to reclose of a three-stage SRV. The
three-stage SRVhas a pilot (or fi rst) stage which controls the mechanical setpoint and an
~ intermediate second stage which actuates the main stage. The three-stage SRV is known to be
sensifive to spurious opening due to pilot Ieakage Target Rock has stated that with as little as
25 pounds per hour pilot valve steam leakage the three-stage valve could experience a :
“spurious opening. NUREG-0462 also reported that there had been a total of 17 failures or
- potential failurés of a three-stage SRV to mechanically self actuate properly due to
overpressure.. These failures to open all involved leakagde or leakage alarms in the setpoint
" bellows assembly. However, the NUREG concluded that since the bellows assembly of each
SRV is continuously monitored for Ieakage. the likelihdod of such failures occurring without
" being detected is low. _Operating history since 1978, indicates that only a few three-stage SRVs

" ._have been declared inoperable due to suspected bellows assembly leakage. Consequently, the

“staff has concluded that with the improved operating and maintenance practices discussed
below, there is not a concern regarding three-stage SRVs.

- The Target Rock two-stage valve modification was implemented in several BWRs beginning in
1978 to eliminate the spurious openings and premature uncontrolled blowdowns associated with
the initial three-stage design. The two-stage valve has a single stage pilot valve installed on the



main stage body of the original three-stage valve. The two-stage SRV was also designed
without the bellows assembly found in the three-stage design.

It should be noted that, in addition to those in Table 2, five other BWRs have had two-stage
SRVs, but three are in long-term or permanent shut down (Browns Ferry 1, Shoreham, and
Milistone 1), and Limerick 1 and 2 are having three-stage SRVs installed during recent and
upcoming outages. As shownin Tables 1 and 2, there are now a total of 11 BWRs that have

- 'one or more three-stage SRV, and & total of 11 BWRs utilize the two-stage SRV.

It should also be noted that most of the later constructed BWRs, i.e., BWR/5s and BWR/6s, do

- 'not utilize Target Rock SRVs. These plants utilize spring-actuated SRVs manufactured by
Crosby or Dikkers and are illustrated in Figures 3 and 4. Figure 3 is representative of a Crosby

- dual-function type spring-loaded direct-acting SRV, and Figure 4 is representative of a Dikkers

.. o
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Figure 3 — Figure 4
Crosby SRV Dikkers SRV

dual-function type spﬁng—!oaded..direct-acting SRV. There isa significant amount of operating
- data available for these spring-actuated SRVs which indicates they are not experiencing any of
the opening or closing problems as discussed above for the Target Rock SRVs.



~ The safety concerns associated with three-stage SRVs were identified under Task B-55 in 1978
" in NUREG-0471. Using the three-stage valve safety concems as a base, Generic Safety Issue
(GSI) B-55 was prioritized as Medium in NUREG-0933. However, at this same time, problems
with the two-stage SRV famng to open on demand had been recognized and were also included
in GS! B-55.

3. SIGNIFICANT HISTORICAL OPERATING EXPERIENCE

As shown in Table 1, there are several licensees who did not modify their existing three-stage
SRVs to convert them to the two-stage design. For these valves, GE Issued a Service

- Information Letter (SIL) 196 Supplement 3, which recormended increasing the SRV setpoints

to raise the simmer margin. Licensees also begah implementmg more frequent maintenance
and testmg of three-stage SRVs. These activities were aimed at reduclng the pilot seat leakage
~ and have béen shown to be effective through successful operating experience during the 1980s
- _and 1990s. Three-stage SRVs have not experienced significant setpoint drift due to pilot disk

-, sticking, and there have not' been a large number of bellows assembly leakage occurrences like

‘those which occurred in the 1870s, reported in NUREG-0462. Therefore, with the above
~ improvement to the tendency of the valves to spuriously open and/or fail to reseat due to pilot
leakage, no improvements to the desugn of the valves have been deemed necessary.

Experience to date with the two-stage design indicates that the failures identified above involving
spurious opening or failure to teseat are lnfrequent The two-stage SRV has been tested with
~ 'up to"1000 Ib/hr pilot valve steam leakage with no significant adverse effect on opening
capability. However, an event at the leenck 1 plant in 1995, resulted in the inadvertent
. blowdown of a two-stage SRV due to excessive leakage through the pilot seat. It was
" determined that the leakage was approximately 3000 Ib/hr and existed for a significant time
* period prior o the valve opening. This leakage- resulted in significant heatup of the suppression
" pool, causing plant operators to cycle suppression pool cooling systems. Limerick had
‘experienced leakage of the SRV main stages in the past, due to their unique orientation which
~ caused condensate to collect around the main disk instead of draining. As such, operators did
_not recogriize the leakage as pilot leakage. When the SRV pilot disk eventually eroded away
" and the SRV inadvertently opened debris in the suppression pool was loosened and clogged
the résidual heat removal | pump suction stramer Generic correspondence in the form of an
information notice and a bulletin were |ssued to address the clogging issue and sensitize
: _licensees to excessive SRV leakage (Informatvon Notices 85-47 and 95-47 Supplement 1 and
.. Bulletin ©5-02.) The lessons leamed from this event relative to SRV leakage were that the two-
stage SRVs may be even more tolerant of leakage thén earlier tests indicated, and that ample
warning in the form of leakage and pool heatup is likely to occur well in advance of an
inadvertent b!owdown There have not been sirnilar events for two-stage SRVs at other plants;
- therefore, it does not appear that these valves have a sngmf cant problem with inadvertently
opening.

However, two-stage SRVs have exhibited a tendency toward sticking such that they open
considerably above nomihal setpoints after being in service, i.e., more than 3 percent above

. nominal setpoint. The most notable event involving this type of fallure occurred at Hatch Unit 1
on'July 3, 1982, where all 11 valves failed to open at a system pressure up to about 10 percent
above their nominal setpoints. The pressure increase was finally terminated when one SRV
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actuated at about 10 percent above setpoint, followed by the actuation of two more SRVs on the

. same steam line. There have not been similar events where such a large number of SRVs

exhibited this much high setpoint drift, but there have been several events where at least a few
two-stage $RVs had setpoints in excess, of 10% high. This has resulted in the staff concluding
-that the sole remaining issue relative to improving the rehablhty of Target Rock SRVs has been
that of reducing the occurrence of pilot disk-to-seat sticking in the two-stage design.

4. BWR OWNERS GROUP AND LICENSEE ACTIONS TO RESOLVE ISSUE.

In response to both industry and NRC concerns about the Hatch Unit 1 event, in late 1982, a
SRV Setpoxnt Drift Committee was established by the BWR Owners Group. The SRV Setpoint
Drift Committee funded Genera! Electric Co. (GE) to investigate the causes of two-stage SRV
setpoint drift.. The staff closely monitored the Owners Group evaluation effort. In addition, there
were several Information Notices §2-41, 83-38, 83-82, 86-12, 88-30, and 88-30 Supplement 1
which gave the status of the Owners Group proposed resolution to the two-stage valve
problems.

On November 10, 1983, the SRV Setpoint Drift Committee, accompanied by representatives
from GE and Target Rock, met with the NRC staff to discuss the results of the program. Based
on a review of field experience, as-found test data, and some diagnostic tests and metallurgical
exarninations, GE concluded that two-stage SRV drift resulted from two unrelated causes:

(a) Sticking of the pilot valve disk in its seat, a corrosion-induced mechanism.

(b)  Binding of the pilot valve stem if clearances between the stem labyrinth seal and its
guide bushing are too small.

GE concluded, based on the available data at that time, that setpoint drift resulting from pilot
valve disk sticking accounted for only a small percéntage of the drift that had been observed. In
order to greatly reduce the occurrence of setpomt drift, GE recommended a revised
 maintenance procedure be followed that primarily addresses drift resulting from stem binding.
GE SIL 196, Supplement 14, descnbes thie revised recommended maintenance procedure. By
letter dated June 22, 1984, the BWR 0wners Group transmitted to the staff a proprietary topical
" report NEDE-30476 that documents the information presgénted at the November 10, 1983,
“meeting. However, after the November 10 meetxng, additional as-found SRV test data revealed
that setpoint drift resulting from pilot disk sticking was occurring more frequently than was
previously thought.

Based on the additional data, the NRC Staﬁ concluded that the revised maintenance procedure
descnbed in NEDE-30476 is a necessary part of resolvmg the two-stage SRV setpoint drift
concern, but it is not sufficient. . Setpoint drift resutting from pilot stem binding causes a delay in
L valve opening; however, the SRV will usually open within five percent of the nominal setpoint.
Drift resulting from pilot disk sticking is frequently much more severe, and has been more than
10 percent above the nominal setpoint.

- In plants where sticking pilot disks have been experienced, data indicates that, typically, several
sticking valves may be expected per fuel cycle. There have been occurrences where there was
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- sticking in excess of the system design pressure, such that it could not be determined how high
_ the setpoint had drifted. Analyses performed by GE and documented in NEDE-30476 indicate
- that'most BWRs have sufficient excess pressure relief capacity such that they would not exceed
* the applicable ASME Code Upset Condition pressure limit (110% of the system design '
pressure) with all SRVs drifting high by 10 percent. :

- For a plant, such as Pilgrim, which has four two-stage SRVs and two spring-actuated safety
‘valves, éven two inopergble SRVs means a significant loss of its SRV relieving capacity. Pilgrim
. is one of three plants that discovered, during surveillance testing in 1684, two SRVs that would

- not open during as-found testing with steam préssure up to the design pressure of 1250 psig.
. Based on the results of an independent evaluation perfotmed on one of the stuck SRV, the
_ Pilgrim licensee ‘concluded that the SRVs had not opened because of oxide binding between the
_pilot disk and its seat arid mechanital interaction between the pilot disk and its seat due to the
presence of large carbide particles in the disk microstructure. With Target Rock concurrence,
. ‘the licensee installed pilot valve disks of a different material. The licensee concluded that the
. carbide metallurgical structure of thé original disk material (Stellite 6B) had an adverse
. intergction with the seat (Stellite 6) and that by changing to a different disk material (Steliite 21)
. the adverse binding should be reduced. This modification was performed by the licensee. The
detailed results of the independent evaluation have been documented in a proprietary report,
copies of which were transmitted to the NRC staff.

In a letter dated March 1, 1985, the staff encouraged the Owners Group to obtain a resolution of
- the stuck pilot disk concern. The concern about setpoint drift resulting from stuck pilot disks was
. further reinforced in January 1986, when.the licerisee for Brunswick 2 reported that, when tested
. 8t Wyle Laboratory during the refueling outage, 10 out of 11 two-stage SRVs exhibited sticking
‘of the pilot valve disk to its seat. The resulting setpoint drift ranged from 1 percent to about 18
. percent for the eleven valves, with an average of about 13 percent. Testing during previous
~outages had resulted in many fewer stuck disks. Analyses were performed by GE, taking the
large percentage of setpoint drift reported into account. These analyses indicated that for the

- worst design basis presstire fransient, Brunswick 2 would still have met the applicable ASME

Code Upset Condition pressure limit.

The Owners Group began a program to resolve the sticking disk concemn which included
retaining a panel of fecognized materials and design specialists to produce new disk materia!
recommendations. At a presentation to the staff on October 17, 1985, the Owners Group
presented the results of the panel's research and proposed that a stainless steel (PH 13-8 Mo)
be used as a replacement disk material. It was proposed that approximately half of the SRVs
receive this new disk during upcoming refueling outages as the valves are refurbished in order
Yo obtain inplant operating éxperience with this new pilot disc. PH 13-8 Mo stainless steel is a
material which has had some application in BWR control rod drive mechanisms and was thought
to be much less susceptible to the corrosion-induced type of bonding. New prototype disks
+_were produced and tested successfully by Target Rock. The performance of the SRVs with the
... new pilot disks were to be monitored and setpoint tested for approximately two to three years
“during refueling outages. The performance of the SRVs in response to operating overpressure
transients was also to be evaluated. ‘



The NRC staff agreed with the Owners Group that the selection of a new pilot disk material for
the two-stage SRV, that is not susceptible to bonding chemically to the pilot valve seat, was an
~acceptable way to resolve the stuck pilot disk concern and complete the resolution of the issues
Jinvolved in GSI B-55. The information provided by the Owners Group to the staff indicated the
new PH 13-8 Mo pilot disk ghould perform much beter than the Stellite 6B disks then being
used. During the two to three year implementation period, the Owners Group provided
performance and test data to the NRC as it became available. In a letter dated April 2, 1987, the
BWR Owners Group noted that a total of 25 pilot disks of PH 13-8 Mo material had been
installed in operating BWR, including Hatch 1 and Brunswick 2, with no reported problems.

- In June 1987, promising setpoint test results from the first PH 13-8 Mo disk installed in Hatch 1
‘were made available. "Reports from NRC representatives who witnessed the tests at Wyle
Laboratory indicated that there was ho disk-to-seat sticking evident. While initia! inservice
performance of the PH 13-8 Mo disks did indicate a marked improvement over the Stellite 6B
disks, additional inservice performance data from Hatch 2, Fermi 2, and Brunswick 2 made it
apparent that the PH 13-8 Mo disks were not providing the improved performance that was
originally expected. '

The BWR Owners Group concluded that the PH 13-8 Mo replacement disks were not a viable
solution for eliminating corrosion induced setpoint drift and recommended that PH 13-8 Mo disks
-no lofiger be installed to résolve the setpaint drift problem. As a result, at a meeting with the
staff on May 1, 1890, -the Owners Group proposed a revised action plan to address the setpoint
drift issue. The revised action plan proposed two options. - The primary option plan modified the
 pilot disk and seat environriient in the SRV by alloying into the Stellite 6B disks a small amount
(0.3%) of platinurn as a catalyst to récombine high conceéntrations of radiolytic oxygen and
“hydrogen that occur in'the SRVs, Corrosion-induced oxide bonding was believed to be the root
cause of the current setpoint drift problem due to the very high oxygen concentration in the area
of the pilot valve disk to seat interface. The Owners Group believed that reducing the amount of
. oxygen using the alioyed platinum catalyst would mitigate oxide bonding of the pilot disk to its

' seatand alleviate the setpoint drift concem. - The other option plan consisted of a hardware
" - change involving the use of pressure switches to initiate valve opening with the pneumatic
* actuator when system pressure reaches the switch setpoint. This approach is similar to that

used on current BWR/6 plants. The Owners Group planned that if the new platinum alloy disks

" did not adequately perform, the pressure switch option would be implemented.

By letter dated June 15, 1990, the Owners Group provided written confirmation of their intent to

proceed to implement the revised program described at the May 1, 1990 meeting with the staff.

The Owners Group indicated that confirmation of thé performance of the new disks would take

‘about two operating cycles. The Owners Group also met with the staff on August 1, 1991, and

on August 11, 1992, to discuss the progress of the final development of the new catalyst disks

~ and the overall schedule for testing and evaluating them and for implementing the additional
pressure switch option. The BWR Owners Group, In paralle! with implementing the primary

option plan, submitted to the NRC a topical report dated April 11, 1994, for using the pressure

-~ switch option. The NRC approved a revised final edition of the topical report on October 24,

1995.



Several licensees installed the new platinum alloy pilot disks, and over the next several
operating cycles at various plants, the disks initially provided significantly improved setpoint
performance. A meeting was held at the Region I'location between the staff and the licensees

* on April 24, 1996, to discuss the recent performance of the two-stage SRVs and the future

- actions planned by the Owners Group. Atthe’ feeting, the Owners Group expressed that a
conclusion regarding the new alloy disks could be made within about a one year period. Then,

in a discussion with the staff in May 1997, the Owners Group representatives indicated that

sevéral sets of test results had indicated that the new alloy disks had not continued to perform

L well, and that several valve setpoints were sngnlﬁcantly in excess of plant Technical

_ Speclf cations. However, dunng the same time period, the Brunswick plant had very good test
results with disks whlch had platinum applied by a different process.

The Brunswick licensee developed a process wherein the disks were coated with a thin layer of
platinum implanted onto the disk surface by an ion-beam deposition process. The thin layer of
platlnum on the disk surface: provnded a greatér surface grea of platinum in contact with the
.- oxygen and hydrogen insnde the valves’ than was achieved by the alloyed disks. In addition, the
fact that the disk surface js completely coated with platinum, results in the underlying Stellite
material being shielded from the corrosive oxygen. Asa result, the Owners Group revised its
proposed plan to include the ion-beam platinum implanted disks for trial use along with the
alternate option of installing pressure switches.

Although not included as one of the Owners Group options, two plants have installed Stellite 21
disks. Pilgrim has used them since 1984 with fairly good results, and Cooper installed them

- about a year ago with one set of fairly good results.” In conversations with the BWR Owners
Group, they have indicdted that this has not been included as one of the recommended options
because Stellite 21 is metallirgically similar to the old Steliite 6B disks and should be similarly
susceptible to cotrosion and because the Pilgrim operating cycles have been generally shorter
than for other BWR.

5. CURRENT STATUS OF SETPOINT DRIFT ISSUE

As stated above, the BWR Owners Group currently recommends two approaches for resolving .
- setpoint drift in the two-stage SRV causéd by corrosion-induced bonding of the pilot disk to its
seat: (1) mstallmg new ion-béam platinum lmplanted pllot disks which reduce the corrosive
oxygen ¢ontent inside the valves, and (2) adding pressure switches to actuate the SRVs by
external air power. In addition, two plants have installed Steliite 21 pilot disks.

. The status at each of the BWRs having two-stage SRVs is as follows.

BrownsFerry2and3 = = Additional pressure switches are installed.

Brunswick 1 and 2 ~ lon-beam platinum disks are installed.

Cooper - Stellite 21 disks are installed.

Fermi 2 - lon-beam platinum disks are installed. .

FitzPatrick - Additional pressure switches are to be installed in Fall 2000.
Hatch 1 and 2 S Addltlonal pressure switches are installed.

Hope Creek - lon-beam platinum disks are installed.

Pilgrim Stellite 21 disks are installed.
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Licensees have reported operating experience and the implementation of modifications via
) several LERs for these plants. In addition, discussions and briefings for both staff and NRR

o management have been penochca!ly held: The setpoint drift issue has been one issue regularly

discussed at BWR Owners Group/NRR Management meetings held several times each year.
5.1 lon-Beam Platinum Pilot Disks

The setpomt test data to date indicates significantly improved performance with the ion-beam
platinumn disks. A statistical analysis comparing the performance of the ion-beam platinum and
Stellite 6B disks is provided in Appendix A. ‘A total’ of 46 as-found tests of SRVs installed at
Brunswick 1 and 2 and Hope’ Creek, all indicate no presence of corrosion-induced bonding of
the pilot disks. However, there has. been an anomaly which has been recently identified. As a
~ result of SRV festing of two-stage SRVs in 1998, three Licensee Event Reports (LERs) were

. submitted (LER 1999-003-00 for Hope' Creek LER 1998-003-01 for Brunswick 1, and LER
©1999-005-00 for Brunswzck 2) wherein it was reported that a few SRVs, which had the ion-beam

platinum disks installed, had drifted high’ by up to 4.6%. As a result of the root cause

investigations coriducted by both licensees; it was determined that the drift was not related to
corrosion-indiced bondmg, but was determined to, have resutted from inadequate maintenance
‘practices at the festing facillty by Target Rock personne! The maintenance deficiency ultimately

| . resulted in inadequate clearance between some sliding surfaces in the valve pilot stage. The
- staffhas held discussions with representatuves of the BWR Owners Group relative to this
- experience, ‘and the BWR Owners GrOUp has taken steps to assure that the lessons learned

‘regarding the improvement of maintenance of these SRVs will be incorporated by all affected
" licensees and rnamtenance personnel These steps include audits to be performed by the
owners group in late 1999 of the Target Rock corporate facility and of the field activities where
testing and maintenance is performed.

The above discussed maintenance practices may have been used for a significant period of time
' prior to use of the ion-beam platinum disks. Therefore, some of the significant setpoint drift,

which has been reported as being caused by oorrosion bonding, may have been at least

i} parually caused by the poor maintenanoe practlces However the results of various diagnostic
tests and observatnons on high. setpoint valves indicate that corrosion bonding has been the

* primary cause of most setpomt drift which-has been experienced on two-stage SRVs, prior to
'installmg the ion-beam platinum disks. Similar tests and observations of the ion-beam platinum

* disks have not indicated corrosion bondlng 'In recent discussions with the staff, the BWR

_ Owners Group stated they would contiriue to évaluate the ion-beam platinum disks for both the
effects of possible corrosuon-induoed bonding and of improving the maintenance practices to

evaluate the long-term success of this modification to the valve design.

5.2 Stellite 21 Pilot Disks

Setpoint data consisting of 43 setpoint tests from Pilgrim and Cooper generally indicate

. acceptable performiance for the Stellite 21 pilot disks. Data from severa! fuel cycles at Pilgrim

~ have shown significantly improved performance compared to the data for the Stellite 6B disks
used there before. The setpomt tolerance provnded by the technical specifications at Pilgrim is
only +/-1%, and a few as-found setpoints have exceeded this tolerance with one setpoint being
"~ significantly higher than any of the others at 9.15%. In LER 1999-004, the lloensee stated that
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an evaluation was being performed to determine the cause of the high setpoint. In a recent
discussion with the staff, the ficensee indicated that several causes of the drift are being

‘jmvest:gated indudlng anomahes assoclated with the recent plant operational cycles and
refueling activities. However, even with this high setpornt the licensee’s experience with the

- Stellite 21'is signifi cantly better than the previous experience with the former Stellite 68 disks.
- The flicensee performed an overpressure analysis for the as-found setpoints and determined
_thatthe peak system pressure would not have exceéded the ASME Code Upset pressure limit

-of 110% of the design pressure (or 1375 psrg) For Cooper, oné set of data also indicates

. significantly improved as-found setpoints. Only orie valve at Cooper exceeded the +/-3%

" ‘Technical Specification criteria and was +5.6% above the nominal setpoint. Cooper LER 1999-

" 004-01 stated that some cofrosiori-induced bonding could be seen based on a microscopic

o examlnatlon ‘However, the overall trend at Cooper is also significantly improved over previous

' ‘experienoe with the Stellite 6B disks in the past, and the licensee's limiting transient
overpressure analysus demonstrates significant margin relative to the ASME Code Upset

. pressuré fimit (110% of des19n pressure) when assuming boundmg values of setpoint drift. A

- statistical analysis comparing the performance of the Stellite 21 and Stellite 6B disks is provided
in Appendix A. _

5.3 Additional Pressure Switches

While the use of addmonal pressure switches reliably counteracts the effects of setpoint drift,

there are some ASME Code related Issues which must bé resolved when formally crediting

- pressure switches for overpressure relief. On!y the recent editions (post 1986) of the ASME
‘Code contain provisions for crediting external power sources for actuating the valves, and none

* ofthe plants at issue were designed to these Codes. The BWR Owners Group, GE, and Target
Rock are currently working with the ASME Code committees to resolve these issues. Itis the

o understandrng of the staff that since the later editions of the Code contain provisions for use of
.external power sources to attuate pressure relief devices, these provisions may be applied if all

R related requirements of the later Code edition to be referenced are also met.

6. EVALUATION

As described above, the staff finds that no further improvements to the three-stage Target Rock

" SRVsare necessary ‘at this time. Operatlng history over the past several years, following

_improved maintenance, increased simmer margins, and reduced numbers of challenges, has
shown the installed three-stage SRVs have acceptable performance.

The prioritization of GS! B-55 in 1983, documented in NUREG-0933, was based on the
inadvertent blowdown problems which had occurred for the three-stage valves. The event
“sequences involving SRV inadvertently opening and failing to reclose are a subset of the small-
break foss-of-coolant accident (LOCA) events. In general, the risk contribution from LOCA
sequences is minor for BWRs, since BWRs have several systems for injecting makeup water.
However, on an ineremental basis, the prioritization of GSI B-55 determined that with a reduction
. inthe frequency of valyes failing to reseat by a factor of 4, there would be an estimated
reduction of 30 man-rem per reactor-year, which resulted in a Medium priority ranking for this
Isstie.” As demonstrated by operational data since the time of the issue prioritization, the
reduction in frequency of failure to reseat is significantly greater than a factor of 4. As stated
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above, there were 48 inadvertent blowdown events prior to 1978, and there have been very few
since that time. ‘A review of ‘operating events indicates that there were four inadvertent
blowdowns of three-stage SRVE from 1980 through 1983 and one other inadvertent blowdown in
1990. None have occurred sirice 1990. Therefore, the three-stage SRVs have been improved
' sxgmf cantly beyond the assumed improvement used as a basis in the prioritization. In fact,
6perational hxstory for the past several years, indicates that problems with three-stage SRVs -
~ inadvertently opening and failing to reclose has been corrected. This supports the fi nding that
no further improvements to the three-stage SRVs are needed.

_ The licensee for the Limerick 1 and 2 plants are removing the two-stage SRVs at both of these
plants and are installing three-stage valves as replacements. This same licensee has had good

. experience with the three-stage SRVs installed at the Peach Bottom 2 and 3 plants. Based on

. thé'good operatlng experience with thrée-stage valves at this plant and at other plants, the staff
~ finds the licénsee’s modification to be acoeptable

. As stated above, the staff has determined that the only remaining issue relative to improving the
: -performénce of Target Rock: SRVs has been the upward setpoint drift of the two-stage SRVs.

... ARer having followed the BWR Owiners Group program and the programs of individual licensees

for @ number of years, the staff is confident that the necessary resources are being allocated by
all ficensees invoived to adequate!y address the setpoint drift issue. The staff agrees with the
- current approaches being pursued by the BWR Owners Group and by the individual BWR
licensees involving either installing ion-beam. platifium disks, installing Stellite 21 disks, or
' installmg additional | pressure switches to actuate the SRVs with power. The performance data
to date lndlcates that both the Stellite 21-and the lon-beam platinum pilot disks are performing
-~ significantly better than the former Stellite 6B disks with a significantly lesser rate of occurrence
* of high setpoint drift beyond that aflowed by plant Technical Specifications. A statistical analysis
" comparing the setpoint performante. of the Stellite 6B disks with the ion-beam platinum and
Stellite 21 disks is provided in Appendix A. - The statistical analysis clearly demonstrates that the
setpoint performance of both the, lon-beam platinum and Stellite 21 disks is significantly better
than for the Stellite 6B disks. It addition, ana!yses of limiting reactor coolant system
overpressure transients which kave been performed by GE and licensees and reported in plant
LERs, dembonstrate significant margin relatwe to fhe ASME Upset pressure [imit of 1375 psig
(110% of deS|gn pressure), évén when' assumlng boundmg values of setpoint drift. Further, the
‘,staff has determined that the fecent éffort by the BWR Owners Group to find the root cause of
problems in imp!ementlng malhtenance practice’s and determine its generic applicability
prov:des a sufficient leve! of attention to determine appropriate corrective actions.

For plants which have installed additional pressure switches, the staff recognizes that it will be

- necessary for licensees to resolve thé ASME Code apphcablhfy issues if they take formal credit
~for the sw:tches for pressure refief. However, the staff has determined that since the installation
of the pressure switches. provxdes a reliable means of counteractlng the effects of corrosion-
bonding, it is not nécessary for licensees to resolve the Code issues prior to closure of GSI B-
£5.

To assist in eva!uatmg if addmonal improvements need to be made to the two-stage SRV,

" beyond those already being pursued the staff performed a bounding assessment assuming that
there will continue to be occurrences of significant setpoint drift. There are two types of event
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sequences involving failures of the valves to open. The first type of event sequence involves
- Inadequate emergency core cooling system (ECCS) flow when SRVs fail to open in the ADS

< mode. However, since the ADS mode of operation is independent of the mechanical setpoint,
- these event sequences are not affected by setpoint drift.. The second type of event sequence

involves system overpressurization. - The most severe overpressurization event is an

L - anticipated-transient-without-séram (ATWS) event involving a main steam line isolation followed

* by failure of the reactorto scram. As distussed in NUREG-1000, Volume 1, “Generic
Implications of ATWS Events at the Salem Nuclear Power Plant”, for a typical BWR/4, the peak

. _analyzed pressure for this event is approximately 1300 psig, which is well below the ASME

- service level C limit of 1500 psig. This analysis assurnes that all SRVs open at the correct

' setpoints; however, even with significant sefpoint drift, there is substantial margin. Sensitivity
. studies of BWR ATWS analysls input parameters (provided in GE proprietary report NEDE-
24222, Assessment of BWR Mitigation of ATWS, Volurne II", dated December 19879 ) show that

. the efiect of a significant loss in SRV capacity still results in the peak pressure not exceeding the

service level C limit. Therefore, additional presstire due to upward setpoint drift does not result
in a significant loss of margin in the ‘system pressure boundary integrity. This supports the
finding that no additiona! improvemients, other than those already being pursued as discussed
above, are needed. '

As stated above, the only remaining concern relative to the performance of Target Rock SRVs,
has been the upwérd setpoint drift of the two-stage SRVs. However, beyond the activities which
are already being pursued by the licenisees, the staff has identified no new regulatory
requirements which are needed in order to improve the performance of the two-stage SRVs.
Because the plant Téchnical Specifications require these valves to.remain operable within the
. allowed setpoint tolerance, licensees &re compelled to find the root causes of poor performance
- and to take necessary corrective actions. Failure to do so would be a violation of Criterion XVI
of 10 CFR 50, Appendix B. Also, the Maintenance Rule (10 CFR 50.65) tequires that licensees
‘monitor the performance or condition of components, such as SRVs, against licensee
. established goals commensurate with saféty taking into account industry-wide operating
experience. Corrective action must be taken where these goals are not met. In addition, 10
CFR 50.55a, Codes and Standards, references thie ASME Code for inservice testing which
-requires that the causes of failures be determiined and comrected. Therefore, 10 CFR 50,
Appendix B, 10 CFR 50.65, and 10 CFR 50.55a provide the staff with adequate regulatory
mechanisms for requiring further improvements on a plant-specific basis should that be deemed
necessary in the future.

7. CONCLUSION

~ In conclusion, the staff finds that the BWR Owners Group and the individual licensees have

. significantly imiproved the performance of Target Rock SRVs, as demonstrated by plant-specific
‘operational experierice and tést data. As stated above, the inadvertent actuation problems
which had existed with the three-stage SRVs have been corrected, and there is substantial
margin In the reactor coolant systern pressure boundary to accommodate bounding values of

. setpoint drift for the two-stage SRVs.. Further, there are adequate regulatory mechanisms for

requiring any further improvements necessary in the future. The staff is also satisfied that the
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BWR Owners Group and the licensees are pursuing the setpoint drift issue with appropriate
resources necessary to continue to improve performance as needed. Therefore, based on the

. accomplishments and ongoing activities by the licensees and the BWR Owners Group regarding
Target Rock safety/relief valves, the staff is recommending that GSI B-55 be closed.

14



APPENDIX A

Statistical Analysis of Stellite 6B, lon-Beam Platinum, and
~ Stellite 21 Disk Setpoint Performance Data

~ Histograms of the setpoint‘pierformanoe data for the three different disk materials are provided
below. The parameters and statistics shown beside each histogram are described below.

- Histogram of Stellite 6B Data
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Histogram of Stellite 21 Data

14
12 M
. n=43
10} i { 2,=1.35%
, } - . §,=2.32%
§ 8] ]
-cEz 6 X 95% upper p, = 1.94%
E g , A
4 4 ] 85% UTL =6.22%
2 H ]
0 n_ollllA]  n

8 6 4 2 0 4 6 8 10 12
% Brif

where: n = sample size
Xm» ¥Ym » Z = Means of samples x, y, z
- 8 = sample standard deviation
M = population mean
'UTL = upper tolerance limit

Based on the mean values and standard deviations of the setpoint drift data samples, it can be
~hypothesized that both the ion-beam platinum and Stellite 21 disks are performing better than
 the Stellite 6B disks. That is, for thie data sets for both the ion-beam platinum and Stellite 21
disks, the average setpoints are closer to the nominal values and there is less spread of the
data from the nominal values than for the data set for the Stellite 6B disks. However, there are
specific sfatistical tests, described below, which can be performed to determine if the
‘populations represented by the data samples ére significantly different. That is, the question -
. ¢an be answered regarding whether there is sigrifficantly improved performance of one disk
. material over the other, considering the uhcertainty associated with the limited number of data
points in the samples. NUREG-1475, "Applying Statistics” is used as a reference.

in uality of Means

Student’s T statistic (reference: Table T-3, NUREG-1475) is used to test (separately) whether
. .-the means of the ion-beam platinum population (represented by sample y) and the mean of the
. Stellite 21 population (represented by sample z) are significantly lower than the mean of the
. Stellite 68 population (represented by saniple ). In comparing the ion-beam platinum and
Stellite 6B disks, the corresponding t statistic (assuming unequal variances) is calculated as

3

© 7.83,which is statistically significant (p < 0.05), The similar test that compares the Stellite 21 vs

Stellite 6B, calculated as t = 3.73, also shows the Stellite 21 mean to be significantly lower than
the mean of Stellite 6B (p < 0.05). k :
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Confidence Interval about the Mean

In addition to the tests stated above, a one-sided 95% confidence limit was constructed for each
popu!atuon mean (reference: Table T-3, 'NUREG-1475). The 95% Jower confidence for the mean

7 of Stellite 6B (calculated as 2. 54%) was higher than the itoper 95% confidence interval for the

‘mean of the ion beam(0.49%) or the Stellite-21 (1 84%).

Tolerance Limits

_Tolerance limits (reference: Table T-11b, NUREG-1475) provide assurance about a proportion
of the’ populatlon A 85/95 (one-snded) upper folerance limit (UTL), provides a £5% assurance
that 95% of the poputahon of setpoints falls below the UTL. In this study, the UTL was
ca!culated as 4.56% for ion-beam platinum ¢ disks’ and as 6.22% for the Stellite 21 disks. These
values are substantially less than the 10.48% calculated for the Stellite 6B UTL.

sti vality of variances

The F test was used to test whether the variance of the ion-beam platinum population and the
variance of the Stellite 21 population @re significantly lower than the variance of the Stellite 6B
populatlon In comparing ion-beam platinum and Stellite 6B disks, the corresponding F statistic
(Reference Table T-4, NUREG-1475) is calculatéd as 3.93, which is statistically significant
(p<0.05). The counterpart test for the Stellite 21 vs Stellite 68, calculated as F = 3.56, also
_shows signifi icant variance differences (p < 0.05). Hence the variance (and the standard
devuatlon) of both the ion-beani platinum and the Stellite 21 populations are smaller than that of
" the Stellite 6B population.

Summag

In summary, based on the above T and F statistical tests, the setpoint drift means and standard
" deviations for the ion-bedm pIatmum and Stellite 21 disks are significantly less than the setpoint
 drift mean and standard deviation for the Stellite 6B disks. In addition, the computed 85% upper
tolerance fimits for both the ion-beam platinum and Stellite 21 disks are substantially less than
for the Stellite 6B disks.
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